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FIRST MONTHLY PROGRESS REPOR™ ON THERMAL STRAIN ANALYSIS
OF ADVANCED MANNED-SPACECRAFT HEAT SHIELDS

NASA Contract NAS 9-1986

Phase A - Derivation of Basic Equations

The first phase of the study (Derivation of Basic Equations) is proceeding on
schedule and is 0% completed. The equilibrium equations in terms of displacements
have been derived for the general non-axisymmetric case for both spherical and toroidol
coordinates and the equations for the spherical case reduce to the axi~symmetric forms
reported in Dr. Morgan's paper, "Thermal Stresses in Missile Nose Coms;" The

derivation is summarized in Appendix A and the coefficients are presented in tabular -

form. It is significant to note that, awing to the similarity of spherical and toroldal E

coordinates, only the toroidal coefficients need be progrommed since in the limit as the
large radius of the torus reduces to zero a spherical coordinate system is obhinod,

It is anticipated that the derivation of stresses in terms of dhplacemenh,‘.f;kwhlch
constitutes the final portion of this phase of the study, will be completed within the

next two weeks.

Phase B - Finite Difference Formulation

The second phase of the study (Finite Difference Formulation) has been in
progress for approximately one week in aoccordance with the program schedule and is

6% completed. The general non-axisymmetric forms of the finite difference analogs
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to the partial differential equations are being developed, from which a se} of linear
algebraic equations in the three displacemant components wiil be obtcirel, The
general forms of the finite difference approximations with respect to three independent
vvarlables are being calculated by expanding the displacement functions in power series
in the neighborhood of the point under consideration, using unequal increments in
sach of fhe three principal directions. In this way formulae will be obtained for the
first and second irregular central, forward and backward derivatives at any intersection

of grid lines with different increments on a discontinuous grid network .

Phase G - Report Preparation

This first monthly progress report constitutes 3% of the repert preporation phase

of tha study.
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APPENDIX A

Derivation of Equilibrium Equations in Terms of Displacements

in Spherical and Toroidal Coordinates
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